The relationship between the brain's conceptual or semantic and sensory-motor systems remains controversial. Here, we tested manual and conceptual abilities of 41 chronic stroke patients in order to examine their relationship. Manual abilities were assed through a reaching task using an exoskeleton robot. Semantic abilities were assessed with implicit as well as explicit semantic tasks, for both verbs and nouns. The results show that that the degree of selective impairment for action word processing was predicted by the degree of impairment in reaching performance. Moreover, the implicit semantic measures showed a correlation with a global reaching parameter, while the explicit semantic similarity judgment task predicted performance in action initiation. These results suggest that action concepts are dynamically grounded through motoric simulations, and that more details are simulated for more explicit semantic tasks. This is evidence for a close and causal relationship between sensory-motor and conceptual systems of the brain.
Introduction
The relationship between the brain's conceptual or semantic and sensory-motor systems remains controversial. There has been a steady accumulation of evidence that suggests a sensory-motor basis for concepts (for reviews, see Barsalou, 2008; Gallese and Lakoff, 2005; Kiefer and Pulvermüller, 2012; Meteyard et al., 2010) . This model contrasts with traditional views that see cognition as manipulation of abstract and amodal symbols (Fodor, 1983; Newell and Simon, 1976; Pylyshyn, 1984) .
Four major lines of experimental evidence exist for view of grounded cognition: behavioral studies (for a review, see Fischer and Zwaan, 2008), brain activation measures, brain stimulation studies, and patient studies (for reviews, see Binder and Desai, 2011; Meteyard et al., 2010) . The evidence from disruption studies (involving brain damage or stimulation), showing modality-specific semantic impairment resulting from the corresponding sensory-motor impairment, is often considered the strongest, as it can reveal a causal relationship between conceptual processing and sensory-motor systems.
A number of studies have investigated action semantics in populations of patients with motor impairments and reported impairment of action semantics (Bak et al., 2001; Boulenger et al., 2008; Buxbaum and Saffran, 2002; Cotelli et al., 2007; Fernandino et al., 2013a Fernandino et al., , 2013b Grossman et al., 2008; Ibanez et al., 2013; Neininger and Pulvermuller, 2003) . No study, however, has shown that the degree of motor impairment is predictive of the degree selective impairment in action concept processing, which can be considered the strongest form of evidence for grounding. A majority of the studies also compare action verbs to nouns, resulting in grammatical class confound, as verbs are syntactically and semantically more complex than nouns (Druks, 2002; Vigliocco et al., 2011) . Additionally, a complete theory of grounded cognition would necessitate a more detailed account of the nature of concept representations. Two types of important questions can be investigated: (a) are specific conditions, context, or task demands necessary to engage sensory-motor systems in conceptual processing (b) what is the precise nature of this involvement? For example, if actions are understood in terms of abstracted action simulations, what is simulated under various task demands?
The goals for the present study were threefold. A primary goal was to investigate whether motor performance is correlated with processing of action-related words, relative to that of non-actionrelated words, when controlling for grammatical class. We tested chronic stroke patients with potential impairments in their upper- 
